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Electrodeposited Semiconductor Q-dots
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Combining aregular crystal structure with adiscrete
energy spedrum, semiconductor nanocrystals (Q-dats, 1
to 10nmin size) form a dassof materialsin between
maaoscopic solids and individual atoms[1]. Sincethey
make up passble mmponents of future (opto)eledronic
nanodevices, their opticd and eledronicd properties have

been investigated intensively over the last decale[2]. Fig. 1. STM-picture of PbS Q-dats (light)
In general, Q-dats are formed by coll oidal synthesis[2]. eledrodeposited on a Au(111) surface(dark);
As demonstrated by various authors, the dedronic scde: 120x120nm. Dot size 4 to 5nm.

properties of colloidal Q-dots may be studied by attaching

them to a cnducting substrate and probing them with an e “

STM tip (tunreling spedroscopy) [3]. However, to probe /

the single-eledron energy spedrum of a Q-dat, this 04 /

double-barrier tunnel junction should be designed .

caefully. Firstly, the energy levels of either thetip or the 5 /

substrate must remain fixed relative to the energy levels of 02 /

the Q-dat [3b]. More important, charging of the Q-dot . o

must be avoided since dedron-eledron interadions

obscure the singe-eledron energy spedrum [3a]. 00
In thiswork, we have atempted to measure the single- 2 B ° : :

eledron energy spedrum of eledrodeposited PbS Q-dats.

Here, the dired contad between the Q-dot and the

conducting substrate ensures that tunreling of eledrons

from the dot to the substrate is much faster than tunreling Fig. 2.1-V curve measured with aLT-STM (4.2 K)
from the tip to the dot. In this way, eledron-eledron at asingle PbS Q-dot eledrodeposited on a
interadtions are avoided. Au(11D).

An STM-picture of eledrodepasited PbS dots on
Au(11]) is dwownin Fig. 1. The dots are gproximately 4

to 5nmin size The mrresponding |-V curve measured at 107
asingePbS Q-dot at 4.2 K is siownin Fig. 2. A zero
current gap of about 2.5 eV isfound. Since bulk PbS has a 027

bandgap of 0.41 eV, eledronsin PbS Q-dats are strongly
confined. Thisis aso apparent from the asorption
spedrum of colloidal PbS dats of approximately the same
size(6 nm) as siown in Fig, 3, asit has afirst absorption
pek at 2.2 V. At pasitive bias, a aurrent step at about 1

absorption / arb. units

A=2.20 eV

V isobserved inthe I-V curve (Fig. 2), indicaing °27] ey
resonant tunreling throughthe first eledronic orbital. A

doublet is not observed, thus confirming that eledron- S S
eledron interadions are dfedively avoided. The airrent hvlev

increase & 1.9 V suggests a second resonance d much
higher energy. Thisisin correspondence with the widely
separated peaksin the absorption spedrum.

In summary, we have demonstrated very strong size
guantization in eledrodeposited PbS quantum dots.
Therefore, this g/stem will be very useful for a detail ed
study of eledron confinement effeds as a function of the
size and the shape of the nanocrystals.

Fig. 3. Absorption spedrum of colloidal PbS Q-
dots (diameter 6 nm).
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